Abstract: Three bis-naphthalimides with bromo and nitro substitutents and different long linker arms have been synthesized and their excellent DNA intercalating and cleaving activities are reported. The difference of their intercalation activities is not quite big, but the cleavage activity of the bis-naphthalimide with 3-nitro and 4-bromo substituted groups and a longer aminoalkyl linker is obviously higher than that of the other two bis-naphthalimides: one with a 3-nitro and a 4-bromo substituted groups and a shorter alkyl linker, the other only with two 4-bromo substituted groups and a longer aminoalkyl linker.
Introduction
In recent years, the design and chemical synthesis of site-specific and nonselective DNA-cleaving agents that can be activated by UV or visible light have become a research topic. These synthetic chromophores have been used as structural probes in biological macromolecules, such as DNA and protein, as well as therapeutic agents. Of the chromophores, the studies on bio-activities, especially anti-cancer activity, of 1,8- We next examined DNA photocleavage activities of 1, 2 and 3. Herein, DNA photocleavage efficiency was defined as the amount of photonicking form I DNA into form II DNA. As seen from Fig. 2 and 3 , the effects of photonicking DNA for 1, 2 and 3 were obviously facilitated with elongation of photoirradiation time and the increases of the concentrations of 1, 2 and 3 except for 70 μΜ for 2 almost not increasing the effect of photonicking DNA relative to 50 μΜ. Significantly, a result was observed that although the difference between apparent binding constants for compounds studied is not big, the difference of their cleavage activities is obviously observed in the order 3 > 1 > 2.
The reason is that there exists a nitro group, which can enhance DNA cleaving activity, at 3-posotion in a naphthalene ring for 1 and 3; and, what is more, for 3 the longer linker arm with a amino group is more appropriate to the need of its interaction with DNA. 35 In addition, it is worth noting that the compounds 1 and 3 at a concentration of 30 μΜ have noticeably photonicking interaction on supercoiled circular pBR322 DNA, Fig. 3 , however, shows the lowest concentration of obviously photonicking DNA for 2 is 50 μΜ. Though most of researchers consider that the photocleavage mechanism of halogenated organic compounds is similar to that of nitro-substituted compounds, that is, nitro-substituted naphthalimides are capable of cleaving DNA photochemically due to the nitro group abstracting hydrogen atoms from deoxyribose, leading to spontaneous cleavage, or from thymine methyl groups, resulting in T-selective cleavage after piperidine treatment, and halogen atoms (X) and carbon-bond radicals are produced by carbon-halogen bond homolysis upon irradiation, and then X mediates DNA strand scission via initial abstraction of Hfrom deoxyribose, 1 ' 28 Fig. 2 and Fig. 3 both strongly suggest a major effect of a 3-nitro group, not a 4-bromo group, in a naphthalene ring on the cleavage activity for the bis-intercalating naphthalimides examined, then that of the linker Vol. 9, No. 3, 2003 A new class of DNA intercalator and photocleaver:Bis-naphthalimides with bromo and nitro substituents with a amino group, in spite of the biggest Κ Λ for 2 only with bromo groups in three compounds. This is in accordance with the result of cytotoxic and antitumor assays for the type of compounds with 3-nitro groups. In short, the difference between their intercalation activities is not big for three bis-naphthalimides examined, but the cleavage activities of 1 and 3 with a 3-nitro substituent in a naphthalene ring are stronger than that of 2 and a marked enhancement of the cleavage activity for 3 with a longer aminoalkyl linker was also found. So the impact of the 3-nitro substitutent on the cleaving activity is bigger than that of the 4-bromo substitutent, furthermore the longer aminoalkyl linker is superior to the shorter alkyl linker in increasing their cleavage activities for the bis-naphthalimides with the same substitution pattern.
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